We study anisotropic universe in the presence of magnetized dark energy. Bianchi type-V cosmological model is considered for this purpose. The energy-momentum tensor consists of anisotropic fluid with uniform magnetic field of energy density ρ B . Exact solutions to the field equations are obtained without using conventional assumptions like constant deceleration parameter. In particular, a general solution is obtained which further provides different classes of solutions. Only three cases have been discussed for the present analysis, i.e. linear, quadratic and exponential. Graphical analysis of the solutions is done for all the three classes. The behavior of the model using some important physical parameters is discussed in the presence of magnetic field.
Introduction
In last decade researchers (Supernova Cosmology Projects), provided some evidence that expansion of the universe was accelerating [1] - [4] . The universe , which is not necessarily a constant. The simplest dark energy case is the vacuum energy, which is mathematically equivalent to cosmological constant. The other possibilities are quintessence, phantom energy and quintom which have time dependent EoS parameter. Also the results coming from SN Ia data collaborated with CMBR anisotropy and galaxy clustering statistics suggest −1.67<ω< − 0.62 [5, 6] . There are various models available in literature that have been proposed to explain dark energy, for details see [7] - [13] . However, it is not at all mandatory to use a constant value of ω.
The special law of variation of Hubble parameter in Friedman Robertson Walker (FRW) space-time was proposed by Berman [14] , which gave a constant value of deceleration parameter. Such a law of variation for Hubble parameter is consistent with the observations and is also approximately valid for slowly time varying models. Laws governing the universe's scale provide an explicit form of FRW universe model and facilitate to describe accelerating as well as decelerating models of evolution of the universe. Recently, anisotropic Bianchi type-I cosmological models have been investigated in the context of f (R) and f (G) modified theories of gravity [15] - [17] .
Pradhan and Saha [18] constructed locally rotationally symmetric (LRS) Bianchi type-I cosmological models with dynamically anisotropic dark energy and perfect fluid. Akarsu and Kilinc [19] also investigated LRS Bianchi type-I cosmology with anisotropic dark energy and they concluded that the dark energy is slightly interacting, had dynamical energy density and anisotropic EoS parameter. The same authors [20] found the exact solutions of Bianchi type-III models with anisotropic dark energy. Yadav [21] examined Bianchi type-III anisotropic dark energy models with constant deceleration parameter. Bianchi type-III magnetized anisotropic dark energy models with constant deceleration parameter and dark energy models with anisotropic fluid in Bianchi type-V I 0 with time dependent deceleration parameter have been investigated by Tade et al. [22] and Pradhan et al. [23] respectively. Saha [24] has studied the evolution of the universe filled with dark energy within the scope of a Bianchi type-V model.
Using the proportionality condition and variational law of Hubble parameter, the exact solutions of field equations are explored by many researchers. Priyanka et al. [25] gave the exact solutions of Einstein's field equations for a Bianchi type-V I 0 space-time filled with perfect fluid satisfying the barotropic EoS under the supposition that the expansion scalar was proportional to shear scalar. Saha [26] studied Bianchi type-V I dark energy model with varying EoS parameter. Sharif and Shamir [27] did work on exact solutions of Bianchi types I and V space-time in f (R) theory of gravity. The same authors [28] also studied the non-vacuum solutions of these models. Dynamics of Bianchi type-I universe with magnetized anisotropic dark energy has been discussed by Sharif and Zubair [29] . They concluded that the universe model as well as anisotropic fluid did not approach isotropy through the evolution of the universe. The same authors [30] studied the effects of electromagnetic field on the dynamics of Bianchi type V I 0 universe with anisotropic dark energy. Thus, it seems interesting to explore further about the universe with anisotropic dark energy.
In this paper, we are focussed to explore Bianchi Type-V cosmology with magnetized anistropic dark energy. It is mentioned hare that the exact solutions to the field equations are obtained without using conventional assumptions like constant deceleration parameter. In particular, a general solution is obtained which further provides different classes of solutions. Only three classes have been discussed for the present analysis, i.e. linear, quadratic and exponential. Graphical analysis of the solutions for the discussed classes is given. The plan of paper is as follows: In section 2, we give Bianchi type-V field equations and energy conservation equation. Section 3 provides qualitative analysis of some exact solutions along with discussion of some important physical parameters. Summary and concluding remarks are given in the last section.
Einstein Field Equations and Exact Solutions
The line element for Bianchi type-V space-time is given as [27] 
where the scale factors a and b and c are functions of cosmic time t only. Here we take energy-momentum tensor for the magnetized anisotropic DE 
where ρ is the energy density of the fluid, ρ B magnetic energy density, ω deviation free EoS parameter of the fluid and δ, γ shows the deviation from ω along y and z axis respectively which are called skewness parameters. Using Eq. (1), with gravitational units, the Einstein field equations take the form
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These are five non-linear differential equations with eight unknowns namely a, b, c, ρ, ρ B , γ, δ, and ω. Therefore, we need some additional constraints in order to find the solutions. From Eq.(6), we get
This equation contains magnetic and non-magnetic part. Assuming magnetic and non-magnetic part zero and solving its magnetic part, we get
where c 1 is an integration constant. The filed equations are highly nonlinear and it seems difficult to solve them with eight unknowns. So to solve the field equations, we use a physical condition that expansion scalar θ is proportional to shear scalar σ which provides b = c n , where n is an arbitrary non-zero real number. We further consider c in a general power law form, i.e., c = (f (t) + β) k , where f (t) is an arbitrary function of t and k is a non-zero real number. Using these assumptions and Eqs. (2)- (6), we obtain
So far we have found the values of the unknowns ρ, ρ B , γ, δ and ω in terms of unknown f (t). 
Different Cases of Some Exact Solutions
In this section, we will investigate different possibilities of solutions along with the graphical analysis. Polynomial form of f (t) are considered and only linear and quadratic cases are analyzed. The solutions for exponential f (t) are also discussed.
Linear case
When f (t) = ξt, where ξ is an arbitrary non-zero constant, the solution metric takes the form
while the expressions for energy density and magnetic energy density takes the form
Its graph is shown in figure 1 (1a, 1b) . The graph shows that energy density of magnetic field increases with the increase of t and n, while energy density of the fluid decreases with the increase of t and n. This indicates the magnetic dominated universe as the time grows. The expressions for other parameters ω, δ and γ take the form
The graphical behavior of ω, δ and γ is shown in figures 2 and 3. It can be seen from graph that for a certain value of anisotropic parameter n and t, ω = −1. This is interesting as it has been proved that the expansion of the universe is accelerating when ω ≈ −1 [31] . Moreover, the phantom like dark energy is found to be in the region where ω < −1 and the universe with phantom dark energy ends up with a finite time future singularity known as cosmic doomsday or big rip [32] .
Quadratic case
For f (t) = ξt 2 + ζt + λ where ξ, λ, ζ are arbitrary non-zero constants, the solution metric becomes
In this case ρ, ρ B , ω, δ and γ turn out to be
The graphical behavior of all above quantities is similar as compared to the linear case (see figures 4, 5 and 6). Thus it is conjectured that by increasing the degree of polynomial, the resulting solutions will have same physical behavior. Now we discuss the exponential case.
Exponential case
Exponential form of f (t), i.e., f (t) = ψe t , where ψ is an arbitrary non-zero real number, yields the solution metric
(27)
Here the expressions for the energy density and magnetic energy density turn out to be (28) 
F o r R e v i e w O n l y
Figure (7) shows that ρ B decreases gradually with the increase of t and n and by setting t and n sufficiently large ρ B → 0. Energy density of the universe ρ increases gradually as the time grows. The other parameters for this case are as follows:
The graphical behavior of ω, δ and γ is given in figures (8) and (9) . It can be seen from graph that ω possesses negative values justifying expansion of universe and existance of the phantom like dark energy. It is interesting that skewness parameter δ attains both positive and negative values depending upon n. However, γ approaches to 0 with the increase in time. Now we discuss some important cosmological parameters in the context of exact solutions. 
Some Important Cosmological Parameters
The volume scale factor V for Bianchi type V spacetime is defined as:
For linear, quadratic and exponential case, the Volume scale factor turn out to be V = (ξt + β)
The average scale factor A is defined as:
The expressions for average scale factor for linear, quadratic and exponential case turn out to be
The Average Hubble Parameter H is defined as:
where
are directional Hubble parameters. For linear, quadratic and exponential case, the average Hubble parameter H takes the form
The expansion scalar θ and shear scalar σ are given by
respectively. For linear, quadratic and exponential case, the expansion and shear scalar become
The deceleration, jerk and snap parameters are defined as:
The value of these parameters for our solutions turn out to be
Summary and Conclusion
This paper is devoted to exploring the exact solutions for spatially homogeneous and anisotropic Bianchi type-V cosmological model with magnetized anisotropic DE fluid having anisotropic EoS. The parameters ρ, ρ B , γ, δ and ω are obtained by assuming that conservation equation of DE consists of two separate conserved parts i.e. magnetic part and anisotropic part. We have discussed some physical aspects of the model in the presence of magnetic field. Assuming magnetic part to be zero, we found ρ B . We have considered only three cases, linear, quadratic, and exponential for the present study. It is conjectured that the solutions for cubic case and higher degree polynomials in general will have same physical behavior as that of linear and quadratic cases. We have calculated the unknowns ρ, ρ B , γ, δ and ω and their graphical analysis is given. It is worth mentioning here that we have not used approaches to a constant value as t → ∞ and the isotropy condition may be verified for some suitable values of n. It is interesting to mention that EoS parameter ω possesses negative values for all three cases. It can be seen from graphs for a certain value of anisotropic parameter n, ω = −1. This is interesting as it has been proved that the expansion of the universe is accelerating when ω ≈ −1 [31] . Moreover, the phantom like dark energy is found to be in the region where ω < −1 and the universe with phantom dark energy ends up with a finite time future singularity known as cosmic doomsday or big rip [32] .
We have discussed the exact solutions with only three cases. Many other solutions can be explored by assuming some other forms of f (t). This study will throw some light on the structure formation of the universe, which has astrophysical significance. Similar analysis for other Bianchi type models is 
